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Abstract
OBJECTIVE: To explore the effect and the mecha-
nism of Chaiqinchengqi decoction (CQCQD) on the
apoptosis-necrosis switch of pancreatic acinar cells
in acute necrotizing pancreatitis (ANP) in rats.
METHODS: Sixty Sprague-Dawley rats were ran-
domized into the control group, the ANP group
and the CQCQD group. The acute pancreatitis (AP)
model was induced by intraperitoneal injections of
4 g/kg 8% L-Arginine (PH 7.0) twice with a 1 h inter-
val. Rats in the CQCQD group were intragastrically
administered CQCQD (20 mL/kg every 2 h, 3 times,
then 20 mL/kg every 6 h, 3 times). Rats were killed
at the 6 and 24 h after the induction of AP. The pan-
creatic tissues were collected for pathology and to
isolate pancreatic acinar cells and mitochondria.
RESULTS: CQCQD significantly ameliorated the se-
verity of ANP by reducing the pancreatic histopa-
thology score, indicated by lactate dehydrogenase
levels at the 6 and 24 h. The CQCQD group promot-
ed the apoptosis of pancreatic acinar cells by rais-
ing the apoptosis index compared with the ANP
group and the control group. Mitochondrial cyto-
chrome c at the 6 and 24 h in the ANP group were
lower than that in the control group or the CQCQD
group (0.67±0.13 vs 1.54±0.03 vs 0.81±0.09; 0.71±
0.08 vs 1.55±0.09 vs 0.89±0.16, P<0.01). The cyto-
chrome c levels in the cytoplasm at the 6 and 2 h in
the CQCQD group were higher than in the control
group (1.36±0.15 vs 0.67±0.04, 1.46±0.08 vs 0.59±
0.09, P<0.01), or the ANP group (0.96±0.13, P>0.05;
0.97±0.09, P<0.05). CQCQD increased caspase-3 ac-
tivity over the ANP group at the 6 h.
CONCLUSION: CQCQD can induce apoptosis and
relieve the necrosis of pancreatic acinar cells via
promoting the release of mitochondrial cyto-
chrome c and increasing pancreatic caspase-3 ac-
tivity in ANP rats.
© 2014 JTCM. All rights reserved.
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INTRODUCTION
Acute pancreatitis (AP) is inflammation of the pancre-
as. Its severe form not only involves systemic inflamma-
tory response syndrome (SIRS) and multiple organ dys-
function syndromes (MODS), but also correlates di-
rectly with pancreatic necrosis,1-3 which is an important
index for the diagnosis of severe acute pancreatitis
(SAP) and a major contributor for late mortality.4 Re-
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cently, studies found that pancreatic acinar cell death is
a key pathological response in AP.5-7 In vivo, the apop-
totic pathways are more evident in mild pancreatitis,
whereas necrosis is more obvious in severe pancreatitis.
Recent data suggested that promotion of apoptosis was
beneficial, whereas inhibition of apoptosis was harm-
ful.8,9 Therefore, inducing acinar cell apoptosis and re-
ducing acinar cell necrosis may be a beneficial response
to acinar cell injury.
There are two distinct pathways of apoptosis: the ex-
trinsic and initiated pathways.10-12 In the intrinsic path-
way, permeabilization of the mitochondrial outer mem-
brane is a critical event. This pathway can be induced
by a variety of signals that increase the permeability of
the mitochondrial outer membrane, which results in
the release of cytochrome c into the cytoplasm and
launches a series of reactions by caspase, and ultimately
leads to apoptosis.13-17 In an experimental study, caspase
inhibitors decreased apoptosis and markedly stimulat-
ed necrosis in the rat model, worsening the condition
of pancreatitis.18 Cytochrome c release from the mito-
chondria into the cytoplasm can cause activation of the
caspase cascade and is the key link to the early apopto-
sis pathway.19
The Chaiqinchengqi decoction (CQCQD), a Chinese
prescription which comes from Dachengqi decoction,
is effective in treating AP.20-23 Our previous studies have
shown that CQCQD can protect against pancreatic aci-
nar cell Ca2 + overload and protect pancreatic acinar
cells, reduce pancreatic exocrine secretion and pancreat-
ic tissue pathology scores, and increase pancreatic aci-
nar cell viability.24-26
In the present study, we aim to investigate the effect of
CQCQD on necrosis and apoptosis of pancreatic aci-
nar cells in experimental acute necrotizing pancreatitis
(ANP), and to further explore its mechanism.
MATERIALS ANDMETHODS
Drug and reagents
CQCQD is composed of Chaihu (Radix Bupleuri Chi-
nensis) 15 g, Huangqin (Radix Scutellariae Baicalensis)
15 g, Houpu (Cortex Magnoliae Officinalis) 15 g, Zhi-
shi (Fructus Aurantii Immaturus) 15 g, Yinchen (Herba
Artemisiae Scopariae) 15 g, Zhishi (Fructus Aurantii Im-
maturus) 20 g, Dahuang (Radix Et Rhizoma Rhei Pal-
mati) 20 g and Mangxiao (Nalrii Sulfas) 20 g. The
spray-dried powder of Chinese medicinal herbs in
CQCQD was purchased from Chengdu Green Herbal
Pharmaceutical Co., Ltd. (Chengdu, China). For use
in these experiments, the spray-dried powder was
mixed and reconstituted with sterile distilled water at a
crude drug concentration of 2 g/mL. Collagenase P
was from Roche Applied Science (Indianapolis, IN,
USA). Lactate dehydrogenase (LDH) Enzyme Linked
Immunosorbent Assay (ELISA) kits were from Shang-
hai BlueGene Biotech. Co., Ltd. (Shanghai, China).
Primers for cytochrome c and β-actin were synthesized
by Bio Vision (Milpitas, CA, USA), Becton Dickinson
(BD) Biosciences (San Diego, CA, USA) and Kang
Chen Bio-tech (Shanghai, China). Caspase-3 kits were
from BestBio (Shanghai, China). Bicinchoninic acid
(BCA) Protein Assay kits were from Beyotime (Shang-
hai, China). All other reagents were from Sigma (St.
Louis, MO, USA) unless otherwise indicated.
Rats
Healthy adult male (7-8 weeks) Sprague-Dawley rats
(150-200) g were purchased from the Experimental An-
imal Center of West China Center of Medical Sciences
of Sichuan University (Chengdu, China). The animals
were kept at a constant room temperature in a 12 h
light-dark cycle, with free access to water and standard
laboratory chow. All animal studies were performed ac-
cording to the Guide for the Care and Use of Laborato-
ry Animals of the National Institutes of Health.27 The
protocol was approved by the Committee on the Eth-
ics of Animal Experiments of the Sichuan University.
Animal models and the treatment of CQCQD
Rats were randomly collocated to an ANP group (n=
20), a control group (n=20) and a CQCQD group (n=
20) by random number table. AP model was induced
by intraperitoneal injections of 4 g/kg 8% L-Arginine
(pH 7.0) twice with a 1 h interval,28 and the control
group was injected intraductally with normal saline. At
the 24 h after the first injection of L-Arginine, rats in
the CQCQD group were intragastrically administered
20 mL/kg CQCQD every 2 h for 3 times and then giv-
en 20 mL/kg body weight CQCQD every 6 h, 3times,
whilst rats in the other two groups received same
amount of saline feeding. Rats were killed at the 6 and
24 h after the first intraperitoneal injection of L-Argi-
nine, respectively. Blood was obtained from the vena
caudalis and centrifuged to obtain serum for amylase
examination. The animals were sacrificed by exsangui-
nation in order to rapidly collect the pancreatic tissues,
part of which was used to isolate pancreatic acinar cells
and mitochondria for detecting mitochondrial and cy-
tosolic cytochrome c, caspse-3 activity and apoptosis.
Histopathological scoring and LDH of pancreatic tis-
sues were also performed.
Histopathological scoring of pancreatic tissues and
measurement of LDH
Pancreatic edema, inflammatory infiltration, hemor-
rhage and acinar cell necrosis were evaluated and
scored according to the standard criteria.29 For each
pathological section, 10 visual fields under a high-pow-
er microscope (hematoxylin-eosin staining, ×200) were
randomly selected and scored by one pathologist. The
mean score of the 10 visual fields of one pathological
section was calculated as the pathological score. The
levels of LDH in the rats' pancreatic cells was mea-
sured with ELISA kits according to the manufacturer's
instructions.
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Isolation of pancreatic acinar cells and
mitochondria
Pancreatic acinar cells were isolated according to the
method reported.26 Briefly, pancreatic tissue was
quickly removed, digested in a solution with 0.15 g/
L collagenase P, 2 g/L bovine serum albumin (BSA)
and 0.1 g/L soybean trypsin inhibitor (SBTI) at 37℃
for 15 min, then the Collagenase P solution was
changed and digestion continued for another 10 min.
Pancreatic acinar cells were dispersed with a plastic
pipette, harvested by filtration through the Nitex
mesh (150 meshes) and layered into a solution con-
taining 40 g/L BSA.
Mitochondria were isolated according to the previously
reported method.30 In brief, pancreatic acinar cells were
added to a mitochondria isolation liquid A (250 mmol/
L sucrose, 10 mmol/L Tris-HCL, 1 mmol/L ethylene
glycol tetraacetic acid, 5 g/L BSA and 0.25 g/L SBTI,
pH 7.2), homogenized for 40 s in the precooling ma-
chine homogenate, and then incubated for 10 min on
ice. The homogenate was centrifuged at 800 rpm for
10 min. The supematant was collected and prepared
for cytosolic cytochrome c detection by centrifuged at
6000 rpm for 15 min. The supematant was removed,
the mitochondria were harvested and placed in the mi-
tochondria isolation liquid B (250 mmol/L sucrose,
10 mmol/L Tris-HC, pH 7.2).
Measurement of mitochrondrial and cytosolic
cytochrome c
Mitochondrial and cytosolic cytochrome c were detect-
ed by western blotting the isolated mitochondria and
the supematant collected from the above centrifuga-
tion.31-34 The cell solutes and mitochondrial protein
concentration were measured by BCA kits. The sam-
ples were denatured at 95℃ for 3 min in 1× Nu Page
sodium dodecyl sulfate sample buffer. Equal amounts
of protein were loaded, electrophoresed, and trans-
ferred to Immobilon-P membranes. The membranes
were blocked in 5% BSA solution at 37℃ for 2 h, then
washed three times with Phosphate Buffered Saline
with Tween 20 (PBST) (which contains 1× PBS with
500 μL Tween-20 added). The blots were incubated
with primary antibodies at 37℃ for 2 h. After washing
again with PBST three times, the membranes were fi-
nally incubated with secondary antibody at 37℃ for
2 h. Immunoreactivity was detected using a chemilu-
minesence's system and quantified by using Image J
software (Bio-Rad, Hercules, CA, USA).
Measurement of Caspase-3
To detect caspase-3, the acinar cells were collected,
washed with ice-cold PBS containing NaCl 24 g, KCl
0.6 g, Na2HPO4 0.81 g, KH2PO4 2.7 g, and resuspend-
ed in lysate. The lysate was placed for 15 min on a ro-
tor at 4℃ , then centrifuged for 5 min at 500 ×g, and
the supernatant fluid was collected. In 96-well plates,
each with10 μL cleavage supernatant 90 uL detection
buffer was added. Then 10 uL Ac-DEVD-pNA was
added, and the photophobic response occurred at 37℃
for 2 h. The enzyme mark instrument measured the
light absorption value of 405 nm.
Apoptosis assay
Terminal-deoxy -nucleotidyl transferase mediated nick
end labeling (TUNEL) was used as the apoptosis assay.
The pancreatic acinar cells were plated on polyly-
sine-coated glass coverslips, fixed for 10 min with
methanol at 20℃. The coverslip was washed with PBS
3 times, then stained with 20 ug/mL protease suffi-
cient to cover the cell slide in 37℃ for 15 min, and
washed again with PBS 3 times. Quantification of
apoptotic cells was analyzed by fluorescence microsco-
py. The cells with nuclei containing condensed and/or
fragmented chromatin were considered apoptotic. The
camera was used with 200× zoom, and 6 fields of view
for each sample were taken to analyze the image of
apoptosis index using Image-Pro Plus image analysis
software (Media Cybernetics, Rockville, MD, USA).
Statistical analysis of data
Data were expressed as mean±standard deviation (SD).
One-way ANOVA was used for the comparative analy-
sis between the experimental and control groups. A P
value of less than 0.05 was considered to indicate statis-
tical significance. All analyses were carried out with
SPSS 17.0 software for Windows (SPSS Inc, Chicago,
IL, USA).
RESULTS
Pathological scoring of pancreatic tissues
After the rats were induced for AP and the tissues har-
vested, the pancreatic tissues were scored. The patho-
logical score of the pancreatic tissues at the 6 h was the
highest in the ANP group (9.12±1.34) and followed by
the CQCQD group (5.40 ± 1.23) and finally by the
control group (0.82±0.02) (P<0.05).
Apoptosis of pancreatitis acinar cells
TUNEL-stained slides revealed that the pancreatic tis-
sues in the control group presented very low levels of
apoptosis (with an apoptotic index of 2.96 ± 0.21). A
significant number of TUNEL-positive cells were de-
tected in the ANP group and the CQCQD group at
the 6 h, but the apoptotic index (AI) of TUNEL-posi-
tive cells in CQCQD group was significantly higher
compared to the ANP group (11.12 ± 1.33 vs 8.99 ±
0.42, P<0.05) (Figure 1).
Tissue LDH level
Tissue LDH was at a very low level in the control
group [6 h: (2.96±0.32) U/L; 24 h: (2.74±0.54) U/L],
and significantly increased in the ANP group [6 h:
(8.28±1.12) U/L, 24 h: (9.78±2.14) U/L (P<0.05), re-
spectively]. Tissue LDH level in CQCQD group (6 h:
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3.40±0.72, 24 h: 3.73±0.59) were significantly lower
than that in the ANP group (P<0.05). The results of
the histopathological assay and LDH indicated that
CQCQD ameliorated the tissue necrosis of ANP in
rats.
Release of mitochondrial cytochrome c in pancreatic
acinar cells
In the control group, cytochrome c was at a low level
in the cytoplasm and a high level in mitochondria (Fig-
ure 2A, 3A). In the mitochondria of the ANP group at
the 6 and 24 h, cytochrome c expression was decreased
compared to that in the control group (0.67±0.13 vs
1.54±0.03; 0.71±0.08 vs 1.55±0.09, P<0.01), or the
CQCQD group (0.81 ± 0.09; 0.89 ± 0.16), (P<0.01)
(Figure 2).
In the CQCQD group at the 6 and 24 h, cytochrome
c expression in the cytoplasm was higher than that in
the control group (1.36±0.15 vs 0.67±0.04, 1.46±0.08
vs 0.59±0.09, P<0.01), or the ANP group (0.96±0.13,
P>0.05; vs 0.97±0.09, P<0.05). There was no statisti-
cal difference in cytochrome c expression in the cyto-
plasm at the 6 h (P>0.05) between the control group
and the ANP group (Figure 3).
Activity of Caspase-3
The activity of caspase-3 in the CQCQD group at the
6 h was higher than that in the control group and the
ANP group at the 6 h (2.12±0.36 vs 0.34±0.03, 1.67±
0.04; P<0.05). Although caspase-3 activity in the
CQCQD group at the 24 h was higher than that in
the control group (1.26±0.82 vs 0.30±0.11, P<0.05),
there was no statistical difference between the ANP
group and CQCQD group at the 24 h (1.18±0.12, P>
0.05).
DISCUSSION
Models of experimental acute pancreatitis studies show
that acinar cell die by two principal cell death path-
ways — necrosis and apoptosis.9,35 In the experimental
model of pancreatitis, the severity is directly correlated
with the extent of necrosis of pancreatic acinar cells
and inversely correlated with apoptosis. Thus, shifting
death responses from necrosis to apoptosis may have a
therapeutic value.6
Early in the apoptotic pathway, the most important
physiological characteristic is the change in mitochon-
drial outer membrane permeabilization, which can ini-
tiate apoptosis by releasing a variety of pro-apoptotic
factors from the mitochondrial membrane into the cy-
toplasm. This occurs by opening the mitochondrial per-
meability transition pore and decreasing the mitochon-
drial transmembrane potential. Cytochrome c is re-
leased by the mitochondrion and is an important fac-
tor which leads to apoptosis,36 and also is a key factor
in the apoptosis signaling pathway.37,38 Once released,
cytochrome c forms a complex with the apoptotic pro-
tease activating factor-1 and procaspase-9, resulting in
caspase-9 activation. This then activates the effector
caspases (e.g. caspase-3, 6, 7) resulting in programmed
cell death. Caspase-3 is considered a key enzyme in the
process of apoptosis.39 To explore the mechanism of
pancreatic acinar cells apoptosis in AP rats, we studied
the change in the expression of cytochrome c in the mi-
tochondria and cytoplasm by Western blotting, and as-
sessed the change of the AI by TUNEL. We found that
cytochrome c mainly exits in the normal mitochondri-
on of pancreatic acinar cells, and extremely small
amounts of cytochrome c are released into the cyto-
plasm, and as a result, normal pancreas apoptosis rates
Figure 2 Cytochrome c expression in the mitochondria of
pancreatic acinar cells in the three groups
A: Mitochondrial marker complex COXⅣwas used as the in-
ternal control of mitochondrial protein. Dispersed cyto-
chrome c in mitochondrial of rat pancreatic acinar cells were
induced to ANP at the 6 and 24 h. 1-3: ANP group; 4-6: con-
trol group; 7-9: CQCQD group. B: Mitochondrial cytochrome
c expression in CQCQD group was significantly lower than
that in control group (P<0.01), but higher than that in ANP
group (P<0.01) at the 6 and 24 h. COXⅣ: cytochrome c oxi-
daseⅣ; Cyt c: cytochrome c; ANP: acute necrotizing pancre-
atitis; CQCQD: Chaiqinchengqi decoction.
1 2 3 4 5 6 7 8 9
COXⅣ 24 h
Cyt c 24 h
COXⅣ 6 h










Figure 1 TUNEL assays of pancreatic acinar cells indicate the
greatest amount of apoptosis occurs in the three groups
A: control group; B: ANP group; C: CQCQD group. Green fluo-
rescence is the positive-stained cells by TUNEL staining.
(Magnified 20 times). ANP: acute necrotizing pancreatitis;
CQCQD: Chaiqinchengqi decoction; TUNEL: terminal-de-
oxy -nucleotidyl transferase mediated nick end labeling.
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are very low. When pancreatitis occurs, Ca2+ loading of
mitochondria and other stresses caused damage to the
mitochondrial outer and inner membranes, and we
found that the cytoplasmic concentration of cyto-
chrome c expression and AI were significantly higher
than that the normal, indicating the pancreas apoptosis
start.
Caspase-3 is the key enzyme in the apoptosis pathway,
and is central regulator of the caspase cascade. We also
found that the activity of caspase-3 in AP rats is in-
creased significantly compared to normal rats, which
was consistent with the expression of cytochrome c and
AI. With the further development of pancreatitis, mito-
chondrial membrane depolarization reducing the mem-
brane potential and ATP, pancreatic acinar cells be-
come necrosis if the execution of apoptosis-related sig-
naling occurs too late. The greater the amount of ne-
crosis in the pancreatic tissue, the less apoptosis. We ob-
served that the activity of caspase-3 after 24 h in AP
rats was increased significantly compared to the normal
rats. But compared with the model after 6 h in AP rats,
the activity of caspase-3 decreased. Because apoptosis is
regulated by a complex interplay of intracellular pro-
teins and extracellular protein, it is a very complex
chain reaction. In this experiment, the level of cyto-
chrome c released in the ANP model group at the 24 h
was higher than that in the 6 h. However, caspase-3 ac-
tivity in the ANP model group at the 24 h was lower
than that in the 6 h, suggesting a mechanism that still
needs further study.
The Chinese medicine CQCQD, modified from the
Dachengqi decoction, is an effective compound for the
treatment of AP.22 Some previous studies have demon-
strated that CQCQD can reduce acinar cells, intracel-
lular calcium overload, and increase cell activity, reduce
pancreatic necrosis.24 In this study, we found that AI
and the expression of cytochrome c in the cytoplasm of
CQCQD treated rats were further increased. We also
found that in early AP, CQCQD treatment can signifi-
cantly increase the activity of caspase-3. But in the late
AP, the activity of caspase-3 in the CQCQD group
and the ANP group showed no significant difference
(1.26 ± 0.82 vs 1.18 ± 0.12, P>0.05), suggesting that
CQCQD had little influence on apoptosis signal trans-
duction in late apoptosis. These findings suggest that
the CQCQD group may increase cytochrome c release
from mitochondria into the cytoplasm, improve the ac-
tivity of caspase-3 and increase the AI in early AP rats.
When certain kinds of pressure stimulate the cell, intra-
cellular LDH is released into the extracellular space by
cell membrane rupture, which increases the toxicity of
acinar cells and the degree of necrosis in pancreatic
cells. Acinar cell necrosis was determined by the release
of LDH into the incubation medium.40 We found that
the concentration of LDH in AP rats was increased,
and that CQCQD treatment can decrease the release
of LDH, reducing the toxicity of pancreatic acinar
cells.
In conclusion, in addition to reducing intracellular
calcium overload, the CQCQD reduced pancreatic
necrosis in ANP rats via the mitochondrial apoptosis
pathway. CQCQD in ANP rats can induce the re-
lease of spancreatic mitochondrial cytochrome c into
the cytoplasm, resulting in increased caspase-3 activa-
tion, ultimately inducing apoptosis and relieving pan-
creatic necrosis.
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